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Unexamined Patent No. Sho-63-40782 laid open on February 22, 1988. 
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METHOD FOR MANUFACTURING CALCIUM PHOSPHATE POROUS BODY 
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Filed on: August 5, 1986 
Inventor: Yasuharu HAKAMATSUKA 
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Patent Attorney: Jun TSUBOI et. al. 

SPECIFICATION 

1. TITLE OF THE INVENTION 

Method for Manufacturing Calcium Phosphate Porous Body 

2. WHAT IS CLAIMED IS; 

(1) A method for manufacturing a calcium phosphate porous 
body comprising a step of adding a def locculating agent to 
crystalline hydroxyapatite fine powder or p-tricalcium 
phosphate fine powder and further adding a foaming agent to 
make a porous formation body having continuous fine void pores, 
a step of drying this porous formation body to form a skeleton 
of hydroxyapatite or p-tricalcium phosphate, and a step of 
heating the porous formation body having this skeleton to 



-1- 




decompose/quench the def locculating agent and the foaming 
agent as well as sinter the hydroxyapatite or p-tricalcium 
phosphate . 

(2) The method for manufacturing the calcium phosphate 
porous body according to Claim 1 wherein the def locculating 
agent is an aqueous macromolecular compound made up of 
polyacrylic acid and derivatives thereof. 

(3) The method for manufacturing the calcium phosphate 
porous body according to Claim 1 wherein the foaming agent is 
a nonionic surfactant selected from polyoxyethylene alkyl 
ether, polyoxyethylene alkylaryl ether, polyoxyethylene 
alkylamine, polyethyleneglycol fatty acid ester, alkanol 
amide, and polyethyleneglycol/polypropyleneglycol copolymer. 

(4) The method for manufacturing the calcium phosphate 
porous body according to Claim 1 or 3 wherein the foaming agent 
is made up of those wherein ethylene oxide is added to the 
nonionic surfactant. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Field of the Invention] 

The present invention relates to a method for manufacturing 
a calcium phosphate porous body utilized for separation, 
purification, adsorption and the like of fine biomaterials and 
biochemical substances . 
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[Prior Arts] 

Conventionally, as methods for manufacturing ceramic porous 
bodies, two types of methods illustrated below have been known. 

(1) First, an organic matter porous body such as polyurethane 
foam having continuously void pores is immersed in ceramic raw 
material slurry to impregnate the ceramic raw material slurry 
in surfaces inside the void pores of the porous body. Then, 
the organic matter porous body is decomposed by heating and 
the adhered ceramic was sintered to manufacture a ceramic 
porous body. 

(2) A foaming agent is added to amorphous calcium phosphate 
slurry obtained by a wet synthesis. Subsequently, the slurry 
is adhered to surfaces inside void pores of the organic matter 
porous body by either foaming the foaming agent added to the 
slurry followed by immersing or immersing in the slurry 
followed by foaming the foaming agent. Then, the porous body 
is decomposed and quenched by heating the organic matter porous 
body to which the slurry is adhered, and amorphous calcium 
phosphate is changed to hydroxyapatite with heat and the formed 
hydroxyapatite skeleton is sintered to manufacture a calcium 
phosphate porous body where continuous fine void pores are 
uniformly distributed throughout the body. 

[Problems to be Solved by the Invention] 
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However, in the above method of (1), the ceramic raw material 
slurry is filled in the void pores of the organic matter porous 
body to cause clogging. As a result, there has been a problem 
that it becomes difficult to make the ceramic porous body where 
continuous void pores are uniformly distributed throughout the 
body. Particularly, when in terms of strength, particle sizes 
of ceramic powder which constitute the ceramic raw material 
slurry are reduced to increase the density of the slurry and 
enhance the strength, necessarily a viscosity is increased and 
consequently the clogging is facilitated. 

Also, in the above method (2), the foaming agent is added 
to the raw material slurry and the raw material slurry is 
adhered into the void pores of the organic matter porous body, 
but there are some variations depending on the type of foaming 
agent, foams in the void pores present on the surface and foams 
present inside the organic matter porous body are different 
in size due to effects of surface tension, and the relatively 
fine pores and large pores easily occur on the surface and the 
inside/underneath, respectively. As a result, there is a 
problem that mechanical strength after sintering is reduced 
due to the above variation. 

The invention has been performed to solve the above 
conventional problems, and provides a method for manufacturing 
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a calcium phosphate porous body in which fine continuous void 
pores are uniformly distributed throughout the body and which 
has sufficiently practical high strength. 
[Means for Solving Problems and Actions] 

The present invention is a method for manufacturing a calcium 
phosphate porous body characterized by comprising a step of 
adding a def locculating agent to crystalline hydroxyapati te 
fine powder or .(3-tricalcium phosphate fine powder and further 
adding a foaming agent to make a porous formation body having 
continuous fine void pores, a step of drying this porous 
formation body to form a skeleton of hydroxyapatite or p- 
tricalcium phosphate, and a step of heating the porous 
formation body having this skeleton to decompose/quench the 
def locculating agent and the foaming agent as well as sinter 
the hydroxyapatite or p-tricalcium phosphate. 

The above def locculating agent includes, for example, water 
soluble macromolecular compounds composed of polyacrylate 
derivatives such as polyacrylic acid or polyacrylate ammonium 
salt . 

The above foaming agent can include nonionic surfactants 
selected from polyoxyethylene alkyl ether, polyoxyethylene 
alkylaryl ether, polyoxyethylene alkylamine, 

polyethyleneglycol fatty acid ester, alkanol amide, and 
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polyethyleneglycol/polypropyleneglycol copolymer, and those 
where ethylene oxide is added to the nonionic surfactant, and 
the like. 

It is desirable that drying treatment of the above porous 
formation body is performed under a condition at around 40°C 
for 10 to 20 hours. 

It is desirable that the above heating treatment is performed 
under the condition where a temperature is raised up to 1000 
to 1300°C which is a sintering temperature at a temperature 
rising rate of 300°C/hr and the temperature is retained for 
0.5 to 1 hour in an electric furnace. 

In the method of the present invention, for molding problems 
attributed to pore shape variation which occurs due to the 
clogging or surface tension difference by the use of the organic 
matter porous body of the conventional method, in order to allow 
to act similarly to the organic matter porous body, it is 
possible to obtain a calcium phosphate porous body in which 
fine continuous void pores described above are uniformly 
distributed throughout the body and which has sufficient 
practical high strength by adding a def locculating agent to 
crystalline hydroxyapatite fine powder or p-tricalcium 
phosphate fine powder and adding a foaming agent to foam and 
make a porous formation body, further drying to reduce water 
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as well as form a skeleton of hydroxyapatite or p-tricalcium 
phosphate bound with the def locculating agent, and 
subsequently sintering the porous formation body at high 
temperature . 
[Preferred Embodiments] 

Hereinafter, Examples of the present invention are 
illustrated in detail. 
Example 1 

First, 10 cc of 10% ammonium polyacrylate as a def locculating 
agent was added to lOg of p-tricalcium phosphate with particle 
sizes of 0 . 3|im or less and ultrasonically mixed. Subsequently, 
2g of a solution in which lOmol of ethylene oxide was added 
to polyoxyethylene nonylphenol was added as a foaming agent, 
and then stirred using a stirrer to uniformly foam. After 
stirring, the porous fluid was poured into a desired shaped 
container lined with paraffin paper, subsequently placed in 
a constant-humidity and constant-temperature tank and dried 
at 40°C for 15 hours. After drying, the content was transferred 
into a container made of alumina (A1 2 0 3 , purity 99.9%), the 
temperature was raised to 1000°C at a temperature rising rate 
of 300°C/hr, and the temperature at 1000°C was retained for 40 
minutes to sinter. 

A sintered article obtained in Example 1 was an opened pore 
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article with no closed pores, and pore sizes thereof were around 
0.8 mm. As a result of X-ray diffraction, such a porous body 
was 0-tricalcium phosphate which was the same as a starting 
raw material . 
Example 2 

First, 10 cc of 20% ammonium polyacrylate as a def locculating 
agent was added to lOg of hydroxyapatite with particle sizes 
of 0.3|jmor less and ultrasonically mixed. Subsequently, 1.8g 
of decaglycerine monolaurate was added as a foaming agent, and 
then stirred using a stirrer to uniformly foam. After stirring, 
the porous fluid was poured into a desired shaped container 
lined with paraffin paper, subsequently placed in a 
constant-humidity and constant-temperature tank and dried at 
40°C all day and night. After drying, the content was 
transferred into a container made of alumina (A1 2 0 3 , purity 
99.9%), the temperature was raised to 1300°C at a temperature 
rising rate of 300°C/hr, and the temperature at 1300°C was 
retained for one hour to sinter. 

A sintered article obtained in Example 2 was cut and a shape 
thereof was observed. As a result, all pores were opened and 
continuous, and pore sizes thereof were around 0.5 mm. Also, 
porosity was 80%, and the article had practical strength and 
was significantly good for use. 
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Further, as a result of X-ray diffraction, such a porous body 
was hydroxyapatite which was the same as a starting raw 
material . 

[Effects of the Invention] 

As described in detail in the above, according to the present 
invention, it is possible to manufacture the calcium phosphate 
porous body in which fine continuous void pores with 0.05 to 
1 . 3 mm are uniformly distributed throughout the body and which 
has practical strength with a porosity of 45 to 99%, and the 
porous body has noticeable effects that it can be effectively 
utilized for immobilized enzyme carrier materials used for 
separation, purification and adsorption of fine biomaterials 
and biochemical substances, or bone fillers, bone replacing 
agents and the like. 
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